Background: Use of statins has been suggested to protect against renal cell carcinoma (RCC); however, studies have typically been underpowered, and the results are conflicting. Objective: To determine whether the use of statins is associated with a reduced risk of RCC using high-quality registry data. Design, setting, and participants: We conducted a nationwide case-control study based on all histologically verified cases of RCC in Denmark between 2002 and 2012 (n = 4606) matched 1:10 to cancer-free controls. Data on drug use, comorbidity, and educational level were obtained from Danish nationwide prescription, patient, and demographic registries. Outcome measurements and statistical analysis: Odds ratios (ORs) and 95% confidence intervals (CIs) for RCC associated with long-term use (5 yr) of statins were estimated using conditional logistic regression, adjusting for potential confounders. Results and limitations: The adjusted OR for RCC associated with long-term use of statins was 1.06 (95% CI, 0.91-1.23). Analyses stratified by duration of statin use, type of statin, and patient characteristics all yielded ORs close to unity, except for a slightly increased OR for RCC associated with long-term statin use among women (OR: 1.25; 95% CI, 0.96-1.62). The main limitation of our study was lack of information on lifestyle factors, notably obesity, which may have biased the risk estimates upward. Conclusions: Our study does not support an important chemopreventive effect of longterm statin use against RCC. The marginally increased and statistically insignificant risk estimates can readily be interpreted as a null finding, considering the lack of control for obesity and other lifestyle risk factors. Patient summary: Previous studies have shown that the use of cholesterol-lowering drugs (statins) may protect against renal cancer. In a large study including all Danish renal cancers during an 11-yr period, we found no evidence of such an effect.
1.

Introduction
Although laboratory studies have consistently demonstrated the antineoplastic effects of statins against several cancer types [1] [2] [3] , epidemiological studies are conflicting regarding the association between statin use and cancer risk [3] [4] [5] [6] . Studies that have reported results for the association between statin use and kidney cancer have also produced equivocal results [7] [8] [9] [10] [11] [12] [13] . A cohort study of US veterans reported a 48% reduction in the risk of renal cell carcinoma (RCC) associated with statin use [10] , and two small population-based cohort studies found a similar inverse association [11] . In contrast to these studies, other epidemiological studies have found no apparent association between statin use and the risk of RCC or kidney cancer overall [7] [8] [9] 12] , and one study reported an increased risk of kidney and other urologic cancers associated with statin use [13] . The Danish health system offers unique opportunities to study associations between drug use and cancer risk in large population-based cohorts. Using a nationwide populationbased case-control design, we aimed to evaluate the hypothesis that statin use is associated with a reduced RCC risk.
Material and methods
The study was conducted as a nationwide case-control study. We compared the use of statins among individuals diagnosed with RCC (cases) with use among cancer-free individuals (controls) to estimate the odds ratio (OR) for RCC associated with long-term use of statins defined as cumulative exposure of a minimum of 5 yr.
Data sources
We used data from five Danish nationwide registries: the Danish Cancer Registry [14] , the National Prescription Registry [15] , the National Patient Register [16] , registers in Statistics Denmark with information on level of education [17] , and the Civil Registration System [18] . 
Exposure definition
Our primary exposure was the use of statins. ''Ever use'' of statins was defined as having filled two or more prescriptions (Anatomical Therapeutic Chemical [ATC] code C10AA) of any statin prior to the index date. Long-term use of statins was defined as 5 yr of cumulative use prior to the index date. We performed extensive sensitivity analyses of the exposure definition. The duration of each prescription, required for the estimation of cumulative exposure duration, is not recorded in the National Prescription Registry. To overcome this limitation, we assumed a daily intake of one tablet while adding 25% additional days to the duration to allow for minor noncompliance and irregular refill patterns.
In all exposure calculations, we disregarded prescriptions redeemed within 1 yr prior to the index date. This was done to reduce the possibility of reverse causation [20, 21] and from the rationale that such recent exposure is unlikely to be associated with cancer development.
Main analysis
The analysis followed a conventional matched case-control approach. In the main analysis, we estimated ORs for RCC associated with long-term use of statins. In all analyses, use of statins was compared with nonuse (fewer than two prescriptions) of statins using conditional logistic regression.
Using data from the prescription, patient, and demographic registries, and disregarding the period 1 yr prior to the index date, we incorporated a number of potential confounders in the analyses: (1) use of drugs known or suspected to modify renal function or risk of RCC including low-dose aspirin and nonaspirin nonsteroidal anti-inflammatory drugs, paracetamol, thiazides, b-blockers, vascular calcium channel blockers, inhibitors of the renin-angiotensin system, and loop diuretics;
(2) prior diagnoses of diseases known or suspected to modify renal function or risk of renal or other cancers including hypertension, type lag time to zero or 2 yr, respectively. Finally, we used the ''rule-out'' approach, described by Schneeweiss [22] , to assess the extent to which any positive associations might be explained by unmeasured confounding by overweight.
Other
All analyses were performed using Stata v.13.0 (StataCorp, College Station, TX, USA). The study was approved by the Danish Data Protection
Agency. According to Danish law, studies based solely on register data do not require approval from an ethics review board [23] .
Results
We identified 5631 incident RCCs between January 2002 and December 2012. After exclusions, the study population consisted of 4606 cancer cases ( Fig. 1 ) who were matched to 46 060 controls. Among cases, 24.0% were ever-users of statins and 6.7% were long-term users ( Table 1) . The corresponding prevalences among controls were 19.1% and 4.9%, respectively. This yielded an age-and gender-adjusted OR for RCC associated with ever use of statins of 1.38 (95% confidence interval [CI], 1.28-1.49) and for long-term use of 1.48 (95% CI, 1.29-1.69). However, after adjustment for potential confounders, the ORs declined to 1.06 (95% CI, 0.97-1.16) for ever use and 1.06 (95% CI, 0.91-1.23) for long-term use ( Table 2 ).
The pronounced effect of the confounder adjustment is further illustrated in Supplementary Table 2 . All the included potential confounders contributed to attenuation of the association between statin use and RCC risk, notably diagnoses of hypertension and inhibitors of the reninangiotensin system.
In analyses stratified by duration of statin use, all ORs were close to unity ( Table 2 ). Stratification by lipophilic or hydrophilic statins ( Supplementary Table 3 ) and by individual statin drugs ( Supplementary Table 4 ) did not alter the associations materially. Analyses within predefined subgroups of gender, age, comorbidity, or clinical stage revealed a slightly but statistically nonsignificant increased OR for RCC with long-term statin use among women (OR: 1.25; 95% CI, 0.96-1.62), whereas no risk variation was found according to the other subgroups (Table 3 ).
In the sensitivity analysis including statin exposure within 1 yr prior to the index date, the ORs increased slightly. Overall, the adjusted OR for long-term statin use increased to 1.14 (95% CI, 0.99-1.31), driven by an OR for the last year preceding the index date of 1.22 (95% CI, 1.07-1.40). Increasing the lag period to 2 yr did not influence the estimates.
We also ascertained whether the point estimate of 1.25 among women could be explained by residual confounding from being overweight. The input for this analysis was an estimated prevalence of overweight of 36.8% among women [24] and an exposure prevalence of 4% among female controls (Table 3) . A similar analysis was performed, assuming the same exposure prevalence and a smoker prevalence of 30.6% for women [25] . Both analyses ( Supplementary Fig. 1 ) showed that with ORs <2.0 for the association between being overweight/smoking and RCC risk, there would have to be an extremely strong association between overweight/smoking and statin use to fully account for an apparent OR of 1.25 if the true value was 1.00. Finally, we performed a number of post hoc analyses. To further evaluate the observed risk variation by gender, we stratified the analyses of duration of statin use by gender (Supplementary Table 5 ). In addition, we repeated the analysis for women excluding users of any hormone supplement prior to the index date, whereby the OR increased from 1.25 to 1.42 (95% CI, 0.93-2.16). To further investigate the influence of timing of statin use on RCC risk, we restricted the study population to subjects with at least 10 yr of exposure data (ie, with index dates between 2005 and 2012; 77% of cases; n = 3526) and disregarded exposure within the last 5 yr prior to the index date. The overall OR of this analysis (1.03; 95% CI, 0.82-1.31) was close to that of the main analysis (1.06). Lastly, to evaluate the performance of our algorithm for cumulative exposure of statins, we omitted the 25% added to the expected duration of prescriptions for statins (see sect. 2). This analysis also returned results similar to those of the main analysis (data not shown).
Discussion
In this nationwide study including all Danish RCC cases from 2002 to 2012, we found no evidence of a chemopreventive effect of long-term statin use on RCC. Except for a slightly elevated OR for RCC among female statin users, the risk estimates were all close to unity, and the results were robust within a supplementary analysis of subgroups and in dose-response analyses.
Our results are consistent with most of the studies of statin use and risk of kidney cancer [7] [8] [9] 12, 26] . Three studies reported a substantial reduction in risk of RCC or kidney cancer overall with statin use [4, 10, 11] ; however, these results were prone to methodological shortcomings. In the case-control study of US veterans by Khurana et al [10] , controls were drawn from among frequent users of the Veterans Affairs system who may have been more likely to be prescribed statins than the kidney cancer cases included in the study, thus introducing selection bias. In the cohort study by Liu et al [11] , the inverse association between statin use and RCC risk was confined to a subgroup of the study population (ie, women without hypertension), and, finally, the statistical precision and drug exposure period were limited in the case-control study by Graaf et al [4] preventing analyses according to duration of statin use for cancer subsites. A 2014 meta-analysis, including data from both observational studies and randomized trials, reported a pooled risk ratio for the association between statin use and kidney cancer close to unity (0.92; 95% CI, 0.71-1.19), with no risk variation according to duration of statin use [26] .
The main limitation of our study is lack of individual anthropometric data. Confounding from being overweight would increase the observed OR. Because we could not test directly the association between being overweight and RCC risk, we used a sensitivity analysis based on published reports of obesity and RCC risk to determine how large an association between being overweight and statin use would have to exist to account for the 1.25 OR point estimate observed among women ( Supplementary Fig. 1 ). Our analyses showed that it is highly unlikely that the OR of 1.25 was entirely explained by residual confounding by obesity or smoking, if the true OR was 1.00. If we assume an OR between being overweight and RCC of 1.34 for women, as reported in one meta-analysis [27] and a risk ratio between smoking and RCC of up to 1.58 reported in another meta-analysis [28] , then it becomes virtually impossible that obesity and smoking are the sole explanations because this would require that statins were almost exclusively prescribed to obese or smoking patients. To our knowledge, smoking and obesity have never been included in Danish guidelines as indications for prescribing statins, except if these risk factors were believed to have caused diabetes or an atherosclerotic event. Both of these conditions were well captured in our analysis. However, the CI of our estimate included the null value, and thus we cannot rule out that our finding is attributable to random error. Importantly, in our analysis, confounding from lifestyle factors appeared less important for the association between statin use and risk of RCC than factors such as hypertension and use of inhibitors of the renin-angiotensin system (Supplementary Table 2 ).
Another limitation of our study was that we were not able to categorize the RCC cases into histologic subgroups (eg, clear cell carcinomas vs non-clear cell carcinomas). Therefore, we cannot entirely exclude an association between statin use and rare subtypes of RCC. Lastly, the homogeneous, primarily white, Danish population may not be representative of all users of statins.
The main strengths of our study were the large sample size and the nationwide approach. In Denmark, we are uniquely positioned to perform a population-based study with almost complete population coverage because almost all health care service in the country is administered by the public health system. The RCC cases were identified from the Danish Cancer Registry, which has accurate and virtually complete registration of incident cancer in Denmark [14, 29] , and the additional restriction to histologically verified cases further enhanced the case validity. The use of the Danish National Prescription Registry also ensured complete and high-quality assessment of drug use [15] , with up to 18 yr of drug exposure history.
Conclusions
Our large population-based study, including high-quality register data and adjusting for important confounders, did not support an important chemopreventive effect of longterm statin use against RCC. We interpret the marginally increased and statistically insignificant ORs for RCC with long-term statin use as a null finding considering the lack of control for obesity and other lifestyle risk factors.
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